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Introduction
There is a growing interest in the potential role of non-price based behavioral interventions to address key policy issues (Thaler and Sunstein, 2008; Allcott and Mullainathan, 2010; Shafir, 2012) .
Following rapid population growth and increasing environmental threats, one area where such interventions have an important role to play is resource conservation (Allcott and Mullainathan, 2010) . Recent work has shown that simple social comparison can be used to decrease energy consumption (Nolan et al., 2008; Ayres et al., 2009; Allcott, 2011; Costa and Kahn, 2013 ) and water waste , and promote environmentally friendly agricultural practices (Chen et al., 2009) . As suggested by DellaVigna (2009) , one of the most powerful behavioral tools is the default option, i.e., the alternative you obtain when not actively making a choice. Defaults determine, for example, how much people save for retirement (Madrian and Shea, 2001) or whether they become an organ donor (Johnson and Goldstein, 2003; Abadie and Gay, 2006) . Given that defaults strongly influence choices, there is surprisingly little evidence on whether and how green defaults affect behavior. In this paper we aim to fill in parts of this gap by testing whether a simple change in the default can improve efficiency in a setting that in a global perspective consumes a vast amount of resources every single year: document printing. When sending documents to a printer, the user can typically choose whether to print on both sides of a sheet of paper (duplex) or to print on only one side (simplex). Duplex printing reduces the number of sheets in the production of a document and is thus less resource intensive (i.e. greener). A common feature in this setting is the existence of a pre-set default alternative, from which users can easily opt out with a simple mouse click. In a natural field experiment we switch the default from simplex to duplex on printers at a large Swedish university. We also investigate how well the more conventional method of encouraging people to take responsibility performs. Prior to the default switch, an e-mail from the environmental coordinator at the university encouraged employees in a subgroup of departments to print duplex as much as possible.
The present study relates to the broader scientific interest in understanding default effects (Anderson, 2003; Dinner et al., 2011) . Conducting an experiment in the field is warranted given that previous evidence on the impact of defaults is almost exclusively based on either laboratory experiments, often with hypothetical questions, (Samuelson and Zeckhauser, 1988; Johnson et al., 1993; Park et al., 2000; Brown and Krishna, 2004; McKenzie et al., 2006; Fleming et al., 2010; Dinner et al., 2011) , or observational data (Madrian and Shea, 2001; Johnson and Goldstein, 2003; Abadie and Gay, 2006; Pichert and Katsikopoulos, 2008; Haggag and Paci, forthcoming) .
1 To the best of our knowledge, Löfgren et al. (2012) is the only other natural field experiment as defined by Harrison and List (2004) that explores the default effect. They find the default alternative to be irrelevant for the decision whether to offset travel-related CO 2 -emissions or not. However, since they study a group of well-informed individuals (participants in an environmental conference)
we cannot tell whether the null-result is a consequence of the setting or the fact that they use a different method (Al-Ubaydli and List, 2012) . Hence, experimental evidence from natural settings populated with more representative samples is needed. Second, recent theoretical and empirical contributions suggest that default effects depend positively on the number of alternatives in the choice set (Dean, 2008) , are reinforced for difficult decisions (Fleming et al., 2010) , and partially work as implicit recommendations (McKenzie et al., 2006) . We test whether defaults matter in a simple, non-dynamic, decision task with only two alternatives, where people have been explicitly informed about the recommended course of action and where opting out of the default is as easy as a mouse click.
The experiment offers a number of insights that can inform public policy. First, we find a substantial and immediate default effect. On average, daily paper consumption drops by 15 percent due to the change, and this reduction occurs the very day of the intervention. Put differently, the default determines how one third of all documents will be printed. Interestingly, the magnitude of the effect does not diminish over time; more than six months after the intervention, consumption is still at the new lower level. Second, we show that the printing volume, measured as the number of printed pages and documents, is independent of the default option, meaning that the drop in paper usage is only due to an increase in the fraction of duplex sheets. This is important since it suggests that using defaults as a policy tool avoids unintended adverse effects. (One example of a possible negative side effect would be that people start to print more documents because each document carried less weight.) As a comparison, Catlin and Wang (2013) find that people increase their paper usage when the possibility to recycle is introduced, and both Schultz et al. (2007) and Ayres et al. (2009) report that information about neighbors' energy usage causes some individuals to increase their consumption. (Fellner et al., 2013 find the same type of boomerang effect when studying tax compliance.) Third, we highlight why it is important to contrast earlier results that rely on observational data with results from experiments. In particular, if we were restricted to observational data only, we would, due to selection bias, overestimate the default effect by 50
percent. Finally, we show that encouraging people to use duplex printing as much as possible has no effect. This clearly indicates that trying to convince people to take responsibility, by simply asking, is inefficient. (The evidence in Anderson and Claxton, 1982 and Kallbekken et al., 2013 suggests that it is even debatable to what extent providing even richer information, coupled with educational activities, is effective, especially in the long run.)
The simple conceptual framework that we set up highlights the link between weak preferences and a low switching cost. Our interpretation, that the size of the default effect depends solely on the number of indifferent individuals in the population, resonates well with the null-finding in Löfgren et al. (2012) , since they target a more selected population who likely have stronger preferences over alternatives. However, there are two competing explanations that we cannot rule out. First, based on the reasoning behind endowment effects (Kahneman et al., 1991) , people's printing preferences might be shaped by the current default option, meaning that users emphasize positive characteristics of simplex printing when simplex is the default and vice versa when duplex is the default. Another possibility is that the default solves a coordination problem. People might, for example, prefer to print duplex if everyone else does so as well, and changing to duplex as default is a credible signal to users that this is likely to happen. Although we cannot rule out these possibilities, our interpretation is supported by Kahneman (2011) , who stresses that default effects are best explained by the laziness of the rational System 2 (as opposed to most other framing effects that pertain to the insufficient System 1). Similarly, Sunstein and Reisch (2013) argue that defaults typically fail to stick when people have well defined preferences. Nevertheless, the setting we exploit illustrates that there exist scenarios where carefully choosing "no-action" options have a huge potential also when users are experienced and the default option is unlikely to be viewed as implicit recommendation.
Finally, calculating the monetary savings for the typical department (15-20 employees) in our experiment illustrates why we cannot expect management to bother about default settings. The net saving for a department in the experiment is roughly 60 USD per year, implying that a general shift to a green default is unlikely to occur on its own. This assertion is further supported by the fact that all but one department when asked were willing to change to duplex as default.
Convincing manufactures to set green defaults as machines leave the factory may therefore be a fruitful strategy to reap benefits on a global scale. From a practical standpoint it is important to stress that people are most active when simplex is the default. This suggests that those in charge of selecting parameters can follow the guidelines in Johnson et al. (2012) and use duplex as default simply because it is the alternative that most people prefer. To put the potential impact in a broader perspective, back of the envelope calculations suggest that a switch to a green default in American offices alone could reduce the annual use of paper by 270,000 metric tons. This amounts to 780,000 metric tons of CO 2 -equivalents or, as a comparison, pulling 150,000 cars off the road.
The Experiment

Conceptual Framework
In theory, it is possible to nudge people to take the environment into consideration if they disproportionally stick to the default option (Samuelson and Zeckhauser, 1988; Masatlioglu and Ok, 2005) .
For several reasons, document printing constitutes a clean testing ground for this hypothesis. First, the decision-maker faces two alternatives (simplex or duplex printing) where one (duplex printing)
is less resource intensive than the other, and where one is always the default option. Second, the cost of being active is close to zero: it constitutes the time spent navigating a pop-up window and executing one mouse click, which likely takes just a few seconds irrespective of experience. (The print screens of the pop-up window included in the appendix show how easy it is to opt out.)
Third, in contrast to many other default scenarios, our setting is non-dynamic. In particular, the decision whether to be active or not when printing a specific document only affects the look of that document, not documents to be printed in the future. The non-dynamic setting facilitates the conceptual framework and precludes a default effect based on present-biased decision-makers (see, e.g., Choi et al., 2003; Carroll et al., 2009 ).
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The decision-maker will therefore be active if the immediate gain in utility is higher than the immediate cost. 4 As the cost of being active is approaching zero, all individuals that have any preference in favor of the non-default option will switch. In practice, this means that only individuals with weak preferences, and those who prefer the current default, will abstain from switching. These conditions lead us to the following assertion: switching the default option will have an impact only if there are sufficiently many indifferent individuals in the population. 5 We hypothesize that there is in fact a large enough mass of such individuals, and thus we predict that changing default in this setting will affect the relationship between simplex and duplex printing. Keeping track of how active people are in the two default regimes will inform us of people's printing preferences, and how intrusive the default switch actually appears to be.
3 There is of course a possible long term benefit -a better environment -if a sufficient mass use duplex printing, but there is no intertemporal trade-off for the individual decision-maker. Note also that we switch the printers' default settings. People can also decide on their own computer's default settings and in that situation present-biased preferences could play a role. Whether this is the case or not is irrelevant in our analysis.
4 With only two alternatives, we can formalize the decision whether to stick with the default or not in one simple expression:
Clearly, the decision-maker is active if the gain in utility is higher than the cost:
Design
Over a period of three months we switched the default option (from simplex to duplex) on printers at a large Swedish university, with random timing of the intervention. To be able to carry out the experiment, we needed a large enough sample of printers that still had simplex as default, and that allowed for a switch in this default. 6 In addition, we wanted to have easy access to the relevant print statistics; that is, each printer in the experiment had to digitally report, at minimum the number of printed sheets per day. The following steps generated the sample of printers that we used in the experiment. We asked the IT-support department at the university for a list of all printers that they had administer rights to, i.e., the printers that report sufficient statistics online. This original sample consists of 54 printers from 31 different departments. 19 of the departments had at least one printer that allowed for a change in the settings. We directly contacted the heads of these 19 departments, asking whether they would be willing to participate in the study. They were told about the intention of the study and that participation required that the default switch be communicated to staff from within the department, and not by us.
(The e-mail employees received about the change in the settings is in the appendix.) We stressed that it was crucial that none of the staff, who are the subjects, was informed about the study. The fact that subjects were unaware of the experiment means that our study qualifies as a natural field experiment, as defined by Harrison and List (2004) . 18 out of 19 departments accepted these terms and became part of the study. The high compliance rate suggests the departments had not originally chosen their default in a rational and informed way; rather, it seems as if they stuck to the default that was set when the printer was first installed and put to work. The 18 departments had in total 25 printers which we use in the experiment.
7 Figure 1 illustrates the experimental design. The experiment consisted of three periods spread evenly over three months (15 weeks). We started with a pre-treatment phase of five weeks when all printers had simplex as default, and we ended with a post-treatment phase of five weeks when all printers had duplex as default. Between these, there was a treatment phase of five weeks, in which the 18 departments were randomly assigned to one of six different pre-determined switching dates. 8 As seen, the default switch occurred either in the first or the last week of the treatment phase. Importantly, we can follow the usage of each printer for at least a five-week before period (with simplex as default) and a five-week after period (with duplex as default). A random subset of departments (these were randomly assigned to a late switching date) were, prior to their default switch, exposed to what we denote as the encourage treatment. All employees in these departments were asked (via e-mail) to print duplex as much as possible, and were reminded of how simple it is to do this. The e-mail was signed by the environmental coordinator at the university and sent in the first week of the treatment phase, allowing for a four-week evaluation period. (The English version of the e-mail is in the appendix.) We deliberately had a person with some authority send the e-mail as we wanted to approximate, as much as possible, typical real world situations where individuals, or organizations, representing the green alternative try to encourage people to become more environmentally friendly. We anticipated that this approach would help shed some light on how much of the default effect is explained by pure suggestion. While such a mechanism is sometimes mentioned as a potential explanation in previous studies on default effects, almost nothing is known empirically about its relative importance. The inclusion of the encourage treatment (for a subset of departments) implies that we overweigh the probability to be assigned a late switching date. The departments that were assigned to the encourage treatment received the e-mail exactly four weeks prior to the default switch. During the four weeks, there were both printers that switched to duplex as default and printers that continued to have simplex as default. 
Empirical Strategy and Data
The staggered passage of changed print settings means that our experiment constitutes a controlled event study: all printers are used for the default treatment, but the timing of the intervention is random. The control group is therefore not restricted to printers whose settings are never changed.
Rather, we can use as the control group all printers not receiving treatment at time t, even if they have already switched their default or will do so later on. Given the design, we measure the default effect by using all 25 printers, normalize time to zero, and compare mean outcomes before and after the intervention. Identification is more credible if there is a clear and visible shift in the outcome that appears close in time to the intervention. Since treatment occurs at different points in time, depending on the printer, it is unlikely that we confound a potential treatment effect with other time events. The encourage treatment can by studied in the same fashion, except that we here use a smaller sample of printers.
The outcomes of primary interest are: (1) the ratio of sheets over pages, (2) the number of duplex and simplex sheets, respectively and (3) the number of sheets. An interesting aspect, however, is whether there are spillover effects due to the new default settings. If a switch to duplex makes users more aware of environmental issues in general, they might respond by printing fewer documents.
This would amplify the underlying default effect leading to an even larger reduction in the number of sheets. There is also the potential for the opposite effect: if users think that fewer sheets will be printed after the switch, they could (intentionally or unintentionally) respond by printing more documents, off-setting the underlying default effect. 9 Despite all these possibilities, our conjecture is that the volume of printing, measured as the number of printed pages, will be unaffected.
Data were collected for each printer on a daily basis, implying that the unit of observation is printer and day. Table 1 those for the number of pages, indicating that some of the documents, but not all, are printed using duplex. Rows 3-4 confirm that a little less than a third of the sheets are duplex sheets, despite the fact that the default setting is simplex. We also construct a measure for the degree of duplex printing. This measure is simply the ratio of the number of sheets to the number of pages, and hence takes values between 0.5 and 1. If all printing is duplex the ratio is 0.5, and the more simplex sheets there are, the higher the ratio. The printers in the experiment have a mean ratio of 0.86, indicating that most printing is done using simplex. We note that the standard deviations (given in parentheses) are relatively large, suggesting there is considerable variation in printing across printers and over time. Finally, column 2 reports the usage for the subset of printers that, before the default switch, were exposed to the encourage treatment. It appears they barely differ from the bigger sample. For example, the sheets per page ratios are almost identical. 
Results
Main Findings
To understand whether our interventions affect resource efficiency, we begin by having a closer look at the ratio of sheets to pages. This outcome takes values between 0.5 and 1, with lower ratios indicating more duplex printing. Figure 2 shows daily means, before and after the respective treatments.
10 In the leftmost scatter plot we notice the immediate default effect. The very day of the switch, the ratio drops from around 0.85 to 0.73, and once the new level is reached it holds constant. As expected, the difference in means is highly significant: t(1171) = 13.65, p = 0.000.
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The large difference suggests that the default option determines how one third of all documents is printed. In sharp contrast, there is no evidence of any effect for the encourage treatment in the right plot, not even the day the e-mail was sent (t(388) = 1.45, p = 0.147). As seen in Figure 3 , we can confirm that the average default effect observed in Figure 2 is not driven by just a few units, as all 25 printers in the sample report an improvement in resource efficiency. As highlighted in the right graph, the effect is typically larger for printers reporting a low fraction of duplex printing before the change. 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 Increased efficiency does not automatically imply that resources are saved, since people may adapt their behavior and start using more of the resource. For example, car owners might begin to drive more frequently, or travel longer distances, as their cars become more fuel efficient. The left bar graph in Figure 4 indicates that the number of printed pages is unaffected by the new settings, suggesting that the users did not respond by starting to print more (or less) documents. In terms of a formal test, the difference in means before and after the intervention is far from significant (t(1249) = 0.53, p = 0.593). In other words, and as expected, the printing volume is independent of the default setting. Instead, it is the relation between simplex and duplex printing that has shifted (gray and white bars). Prior to the switch, simplex printing is more than twice as common as duplex printing, whereas after the switch duplex and simplex printing are equally common. Both the reduction in the number of simplex sheets (t(1249) = 6.90, p = 0.000) and the increase in the number of duplex sheets (t(1249) = 3.04, p = 0.002) are highly significant. We also note that there is still a substantial amount of simplex printing after the duplex default has been implemented, suggesting it is (in practice, and not only in theory) easy for people to opt out if they wish. The net effect on the number of sheets is relatively large. On average, paper consumption has dropped with 15 percent (30 sheets) per day due to the default switch (t(1249) = 2.45, p = 0.014). Turning to the encourage treatment in the bar graph to the right, there is no evidence that asking people to use duplex has any impact. In particular, comparing bars on either side of the vertical line, there is no drastic shift in the relation between duplex and simplex printing. (This conclusion is confirmed by t-tests.) The total decrease in paper usage due to the new default settings is illustrated in Figure   5 : in the first 25 days after the switch, the 18 departments saved 15,000 sheets of paper. Notably, the total number of printed pages is (almost) exactly the same in both periods. short-run effects, there is limited evidence on the long-run impacts (Allcott and Rogers, 2012 ). An interesting question, therefore, is whether default effects endure in the longer run. To investigate this we collected additional data during a second consecutive five week period, commencing 28 weeks after the intervention. Figure 6 plots weekly averages for the outcome sheets per page. If people reverted back to simplex printing in the long run, we would expect this outcome to be close to its pre-intervention level. To the contrary, the number of sheets per page remained at the same level as in the weeks immediately after the intervention. By including the 16 printers from the original sample that had duplex as default at the start of the study we can point to another finding.
The experiment printers do not reach the same fraction of duplex printing as those that at first had duplex as default, neither immediately nor in the long run, and the difference is statistically significant at the ten percent level (t(1587) = 1.86, p = 0.071). This highlights the importance of taking self-selection seriously. In fact, if we were restricted to observational data, the treatment effect would appear 50 percent larger due to selection-bias. 
Additional Findings
Four of the printers in the original sample report statistics for each document that is being printed.
Studying these printers separately will show how defaults affect behavior in more detail. In particular, since we are able to study the effect on the number of printed documents, and on document length, we will acquire a better understanding of potential (unintended) demand effects. We can also examine whether there is effect heterogeneity with respect to document length. We suspect that for longer documents users will have a stronger preference for duplex irrespective of the default settings, making it reasonable to think that a potential default effect is larger in magnitude for shorter documents. Two of the four printers belong to one specific department, and the other two printers belong to a second department. We switched the default on one printer from each department resulting in one treatment printer and one control printer in each location.
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While prior analysis showed that there is no effect on the number of printed pages, it did not 12 Note that the two printers that we use for treatment are part of the whole 25 printer sample used in the experiment. The reason why we do not use all printers in a staggered manner, as we do for the other 25 printers in the experiment group, is that the departments wanted at least one of their printers to continue to use simplex.
inform us on how document length is affected. In principle, it could be the case that users responded by printing fewer short documents and more long documents (or vice versa). To get a handle on this question, Figure 7 plots the cumulative empirical distribution of document lengths, before and after the default switch, for the two treated printers (left) and the two untreated printers (right).
The pattern reveals that a majority of all printed documents are short -about 30 percent of them are only one page long, while less than 20 percent are longer than 10 pages. More importantly, the two curves basically lies on top of each other, implying that document composition is independent of the default option. Given that neither the number of printed pages, nor the length of a document, is affected, we draw the conclusion that the number of documents being printed should be unaffected as well. This is confirmed in Figure 8 . At first glance, it might appear as if there is a negative effect of switching the default on the number of print jobs. As seen, however, there is a drop for the untreated printers as well. The fact that there is a difference in levels over time is not surprising given that we are restricted to four printers. In addition, the decline is statistically insignificant in both groups.
Overall, there is no indication that subjects responded by starting to print more or less document pages, and it seems as if they became neither more or less selective when choosing what to print.
In other words, we have rather convincing evidence that when changing the default option there are no distortions with respect to printing volume. Figure 9 shows the fraction of duplex printing by document lengths, before and after the default treatment. As anticipated, there is considerable effect heterogeneity. For the shortest documents there is almost a doubling of duplex printing whereas there is no effect for documents longer than 40 pages. It is noteworthy that with the new default duplex printing is remarkably stable across document lengths, suggesting that those who opt out of the new default do so for reasons other than document length. Another result neatly captured in the left bar graph is the fact that people actually have a rather strong preference for duplex printing. In particular, even though simplex is the default, people switch to duplex in more than 50 percent of all possible cases (grey bars). We also use the document-level data to investigate whether the default effect depends on a user's background characteristics. Since this analysis relies on a small sample size -there are 36 employees using the two treatment printers -we are reluctant to draw strong conclusions. That being said, Figure 10 can still provide interesting indications. 13 We first compare the fraction of duplex documents, before and after the default change, for men and women, respectively. This shows that the default option seems to affect men to a larger extent than women, suggesting that men have a weaker preference in favor of either printing mode. Interestingly, women (on average) seem to prefer duplex printing irrespective of the default, whereas this is not the case for men. We also distinguish "young" and "old" subjects (using age 45 as the cut-off) and conclude that the older an individual is, the more influenced they are. While not shown in the figure, this pattern holds for both men and women, which implies that overall older men are most inclined to stick to the default option in this setting. 
Concluding Remarks
In a natural field experiment we switch printers' default option (from simplex to duplex printing) at a large Swedish university. The gentle "nudge" reduces paper consumption by as much as 15%. The default effect is immediate and remains more than six months after the intervention. Since printing demand is independent of the default option, we argue that defaults may offer an attractive benefit as a policy tool by avoiding unintended adverse effects. We also show that the more conventional method of encouraging people to save resources has no impact at all. A compelling explanation for the default effect in our setting is that some users have weak preferences between the two alternatives and therefore stick with the default option to avoid a tiny switching cost. Presumably, people do not take the environment into account when making this decision inasmuch as their isolated action will have little (global) impact anyway. Arguably, there are countless other situations where the same logic applies (e.g., turning off the lights when leaving a room, leaving electronic devices on standby, etc.). In such situations, there is a potential in carefully choosing, and creating, "no-action" options.
Policy makers should be particularly supportive of this type of intervention since a socially preferred allocation can be reached without spending money or limiting individual choice. One setting that our results can be applied to directly are so-called go paperless-initiatives by for example banks and telephone operators. Another possibility is to use "No receipt" as the default alternative at ATM machines, in supermarkets, or any setting where people get receipts but usually have no need for them.
Our results also point to the important role that manufactures have when it comes to choice architecture. Since paper is cheap, the typical department in our experiment annually saves just 60 USD by changing to duplex as default. The weak incentives presented to users illustrates why a general switch is unlikely to occur on its own. Instead, convincing manufactures to set green defaults as machines leave the factory may be the most fruitful strategy to reap benefits on a global scale. Although explicit regulations might be hard to implement, we envision that environmental standards will take on a broader role, by not only helping companies make their internal processes more environmental friendly, but also stimulate their products to be sold with configurations that exploit a resource effective choice architecture. Finally, compared to a suggested ten percent tax on all paper products that would result in a two percent decrease in paper consumption (Axelsson and Åström, 2012) , our results illustrate that well-chosen default rules can play an important role and potentially be even more effective than high-powered economic incentives.
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